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VI BAB  
NASAHABMEP NAD LISAH  
 
 gnatnet sahabmem ini VI baB  padahret isanimile atad huragnep tpecretni   nad
epols   adap hguor ledom -  iserger  ada kiremun sabeb lebairav agit kutnu arebeb  ap pahat  
nakukalid gnay   ,atad tupni pahat utiay  pahat ,iskuderid atad mulebes iserger iju pahat
 ,nasutupek tubirta nakrasadreb atad nakopmolegnep pahat ,airetirk nakutnebmep
 pahat naidumek ,iskuderid atad haletes iserger iju pahat ,atad iskuder pahat  iju riap  de
tset t selpmas . buS adap naksalejid naka ayntujnaleS - 1.4 baB - 3.4 . 
 
1.4   isalumiS ataD naniksimeK takgniT  
 adaP   naigab  1.4  ini   naktikgnabid gnay atad ianegnem naksalejnem
( atad detareneg  ) iulalem   isalumis kinket  .naabocrep ilak 05 nagned atad 36 utiay
 naka ini naigab adap akam ,nakukalid gnay naabocrep aynkaynab tagnigneM
 aynsuretes nad 3 ,2 naabocrep kutnu nakgnadeS .ajas naabocrep utas naklipmatid
nu nakanugid gnay lebairav nupadA .naripmal adap naklipmatid naka  kut
( naniksimek takgnit utiay atad naktikgnabmem Y ( isalfni ,) X1 ( RMU ,) X2  nad ,)
( naruggnagnep X3  rudesorp nakrasadreB .hecA isnivorP id )  ianegnem III baB adap
 tpecretni padahret isanimile atad huragnep iuhategnem kutnu nakukalid gnay napahat
dap epols nad hguor ledom a - buS adap naksalejid naka aynpakgneles iserger -  baB
 1.1.4 –  .6.1.4  
 
1.1.4  )nasutupeK tubirtA nad isidnoK tubirtA( ataD tupnI  
 hakgnaL - :tukireb iagabes halada atad naktikgnabmem kutnu hakgnal  
: 1 hakgnaL   kutnu nakanugid gnay iserger ledoM .iserger ledom nakutneneM
 imonokE lanruJ irad kujurid gnay ledom halada atad naktikgnabmem
.7102 tgA ,2.0N ,81 emuloV ,sinsiB nad  
  321 761.0382.0952.0451.51
 
ˆ XXXY ????                           )1.4(  
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1.4 2.  M isergeR ledoM iskudeR mulebeS ataD nakanuggne  
alid gnay amatrep hakgnaL halada iserger iju kutnu nakuk   satilamron iju  .atad
 isgnufreb ini satilamron ijU kutnu   adap atad nakkopmolegnem /nakirogetakgnem
isneukerf isubirtsid .  gnay atad babes nakukalid ulrep kadit ini atad adap ,numaN
 halada ayntujnales hakgnaL .lamron isubirtsidret hadus naktikgnabid  naledomep
gnay ataD .batiniM erawtfos nakanuggnem nagned iserger  serger malad nakanugid  i
 .atad 05 kaynabes halada ini  
 atad nakanuggnem adnagreb reinil iserger iju lisah nakijasid naka ayntujnaleS
neles ,iskuder mulebes 2.4 lebaT adap nakijasid aynpakg . 
2.4 lebaT   iskudeR mulebeS isalumiS ataD isergeR ledoM  
 noissergeR sisylanA  : naniksimeK   susrev naruggnagneP ,RMU ,isalfnI  
: iserger  naamasreP            
naniksimeK  6.31 =  2.0 + 01  0 + isalfnI . 823  .0 + RMU 082  naruggnagneP  
 
mreT  feoC  feoC ES  T- eulaV  P- eulaV  
 
  
tnatsnoC  195.31  615.1         66.01      000.0  
 
  
isalfnI  2.0 3001       0.0 6376         78.3      000.0  
 
  
RMU  3.0 2 438       0.0 1635         49.6    000.0  
 
  
naruggnagneP  .0 4082  .0 7911  61.3  .0 300  
 
  
  
     
  
S R- qs  R- )jda(qs   
 
  
.3 504  5.36 % 1.16 %      
 
 nakrasadreB 2.4 lebaT  m  iskuder mulebes naniksimek atad kutnu iserger ledo
: tukireb iagabes halada  
 
naniksimeK  012.0 + 6.31 =  823.0 + isalfnI  +RMU  082.0  naruggnagneP     2.4( ) 
 
2.4 naamasreP  id tapad : awhab nakisaterpretni  
.a   ialiN β0= 195.31  . N  nakkujnunem fitisop ialinreb natsnok iali  ,isalfni huragnep
 RMU nad   .naruggnagnep  utas malad huragnepreb uata kian sabeb lebairav aliB
naniksimek takgnit akam ,nautas   .kian naka  
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.b   ialiN
 
β1= 012.0 .  aynitrA nakianek paites awhab  isalfni   naka akam nautas utas
nem tapad nakkia   rasebes naniksimek takgnit 2.0 01   ismusa nagned nautas  RMU
 naruggnagnep nad  ialinreb neisifeoK .natsnok paggnaid fitisop   aratna isalfni   nad
naniksimek takgnit  , kian nikames   isalfni  nikames akam takgninem  .naniksimek  
.c  ialiN  β2= 823.0  .  aynitrA  paites awhab ianek RMU nak   naka akam nautas utas
naniksimek takgnit nakianem tapad  rasebes  3.0 82  nautas   ismusa nagned isalfni  
 nad naruggnagnep   aratna fitisop ialinreb neisifeoK .natsnok paggnaid RMU   nad
naniksimek takgnit  ,  nikames  kian RMU   akam  takgninem nikames naniksimek . 
.d  ialiN  β3= 0 082.  aynitrA .  nakianek paites awhab naruggnagnep   akam nautas utas
naniksimek takgnit nakianem tapad naka  rasebes  .0 082   ismusa nagned nautas
isalfni   nad RMU   aratna fitisop ialinreb neisifeoK .natsnok paggnaid
naruggnagnep  naniksimek takgnit nad ,  aynitra  kian nikames  naruggnagnep  akam
.naniksimek naktakgninem nikames  
 
nakrasadreB  2.4 lebaT  ( nanimreted neisifeok ialin helorepid sataid  R detsujdA
erauqS  rasebes ) 5.36 .%   huragnep amasreb araces awhab itrareb ini laH  RMU ,isalfni
 nad naruggnagnep   padahret  naniksimek takgnit  rasebes halada 63.5  ini akgna ,%
 nakkujnunem gnay huragnep   kadit gnay lebairav helo ihuragnepid aynasis nad ,tauk
.itiletid    
akij ayntujnaleS   tahilid irad   ialin P � eulav   kutnu  isalfni  nad  RMU  rasebes
 nad 000.0  awhab aynitra uti ,50.0 irad licek  hibel  isalfni  nad  RMU  huragnepreb
 padahret nakifingis araces naniksimek takgnit  ialin nakgnadeS . P � eulav  
naruggnagnep   300.0 rasebes  hibel aguj licek   awhab itrareb gnay ,50.0 irad
naruggnagnep   aguj  padahret nakifingis araces huragnepreb .naniksimek takgnit    
 aggniheS .aynnial gnay naabocrep 94 atad adap iserger naijugnep nakukaL
 naktapadid tpecretni   nad epols   .naabocrep 05 atad adap I tpecretn   nad epols   ledom adap
 iserger  iskuder atad mulebes  tubesret .3.4 lebaT adap nakijasid naka aynpakgneles  
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lebaT  3.4   tpecretnI   nad epolS  (
 
𝜷𝟏, 𝜷𝟐, 𝜷𝟑 naabocreP 05 adap )   ataD mulebeS
iskudeR  
oN  
naabocreP  
tpecretnI   𝒆𝒑𝒐𝒍𝑺  �𝜷𝟏� 𝒆𝒑𝒐𝒍𝑺  �𝜷𝟐� 𝒆𝒑𝒐𝒍𝑺  �𝜷𝟑� 
1 195.31  012.0  823.0  082.0  
2 144.41  232.0  903.0  491.0  
3 377.21  262.0  643.0  592.0  
4 507.41  242.0  792.0  632.0  
⋮ ⋮ ⋮ ⋮ ⋮ 
05  444.61  123.0  662.0  795.0  
 
 3.4 lebaT nakrasadreB  gnisam irad lavretni naktapadid naka akam sataid -
 gnisam tpecretni   nad epols   lavretni nupadA .iskuder atad mulebes iserger ledom adap
 adap tapadid gnay tpecretni  377.21 [ utiay  – 352.12   nakgnadeS .] epols   adap adareb
 : lavretni 𝛽1 821.0 [ =  – 3.0 83   ,] 𝛽2 .0 [ = 522  – 3.0 88   nad ] 𝛽3  [ = - 07.0 5 – .0 527   .]  
 
3.1.4   nakutnebmeP metsyS noisiceD  
 pahat nakapurem ini pahaT  idajnem kiremun kutneb irad atad isamrofsnart
airetirk  lisah aynpakgneleS . airetirk   nasutupek tubirta nad isidnok tubirta kutnu atad
 lebaT adap nakijasid 4.4 .  
 lebaT 4.4    isamrofsnarT  isalumiS ataD naniksimeK takgniT  
 edoK
nednopseR  
 isalfnI  
(X1) 
RMU  
 (X2) 
 naruggnagneP
(X3) 
 naniksimeK
(Y) 
1R  gnadeS  gnadeS  gnadeS  hadneR  
2R  gnadeS  gnadeS  gnadeS  iggniT  
3R  iggniT  gnadeS  iggniT  gnadeS  
4R  iggniT  gnadeS  iggniT  hadneR  
⋮ ⋮ ⋮ ⋮ ⋮ 
05R  gnadeS  gnadeS  iggniT  iggniT  
 
 lebaT nakrasadreB 4.4     ,sataid hab tahilret 5 malad igabret atad airetirk aw  
 utiay naigab  tagnas  ,iggnit  ,gnades ,iggnit hadner  hadner tagnas nad  airetirk kutnU .
atad  ( isalfni X1�, ( RMU X2�, ( naruggnagnep X3�  nad ( naniksimeK Y)  nakanuggnem
 natakednep naem  buS adap isaived radnats nad - .2.3.2 baB  
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4.1.4  nasutupeK tubirtA nad isidnoK tubirtA nakrasadreB ataD nanusuyneP  
 nakukalid ini pahat adaP  ayntujnales ,atad nanusuynep  ratna nagnidnabrep
 nakijasid naka aynpakgneleS .nasutupek tubirta nad isidnok tubirta adebreb gnay atad
 lebaT adap 5.4  .tukireb   
5.4 lebaT     ataD airetirK nanusuyneP  isalumiS naniksimeK takgniT  
 edoK
nednopseR  
 isalfnI  
(X1) 
 RMU  
(X2) 
 naruggnagneP
(X3) 
 naniksimeK
(Y) 
54R  iggniT tagnaS  iggniT  iggniT  iggniT tagnaS  
81R  iggniT tagnaS  iggniT  gnadeS  iggniT tagnaS  
42R  iggniT  iggniT  hadneR  iggniT tagnaS  
02R  iggniT  gnadeS  hadneR tagnaS  gnadeS  
 
⋮ ⋮ ⋮ ⋮ ⋮ 
14R  hadneR tagnaS  gnadeS  iggniT  gnadeS  
 
 nakrasadreB 5.4 lebaT   airetirk irad nakturuid atad awhab tahilret  tagnas  iggnit
 ek aggnih  tagnas tnu naujutreb ini laH .hadner  ayntujnales pahat nakhadumem ku
utiay  .atad iskuder  
 
5.1.4  ataD iskudeR  
atad iskuder nakukalid ini pahat adaP  .  aynpakgneleS  naka sah nakijasid  li
 lebaT adap atad iskuder 6.4 .  
6.4 lebaT     ataD iskudeR lisaH  isalumiS naniksimeK takgniT  
 edoK
nednopseR  
 isalfnI  
(X1) 
 RMU  
(X2) 
 naruggnagneP
(X3) 
 naniksimeK
(Y) 
R6 gnadeS  gnadeS  hadneR  gnadeS  
R7 hadneR  iggniT  iggniT  gnadeS  
R 01  gnadeS  iggniT tagnaS  hadneR  iggniT  
R 31  gnadeS  hadneR tagnaS  iggniT  hadneR  
⋮ ⋮ ⋮ ⋮ ⋮ 
R 94  hadneR  iggniT  gnadeS  gnadeS  
 
6.4 lebaT nakrasadreB   asisreb atad awhab tahilret 22  gnay atad anerak ,
 ikilimem iric -  isidnok tubirta adap iric  tapadret si  motpm gnay   adap nakgnades amas
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adebreb helorepid gnay motpmis nasutupek tubirta  iskuderid halet  .  gnay ataD
 kaynabes iskuderid 28  utiay ,  adap
 
 1R  - ,51R ,41R ,21R ,11R ,9R ,8R ,5R  71R ,     
05R ,84R ,64R ,44R ,34R ,04R ,83R ,73R ,23R ,13R ,92R ,82R ,62R ,32R ,12R ,91R . 
 
6.1.4  isergeR ledoM  iskudeR haleteS ataD nakanuggneM  
 lebaT adap helorepid gnay atad nakilabmegnem utiay ini pahat adaP 6.4  
 atad aynpakgneleS .ilabmek iserger iju nakukalid kutnu kiremun kutneb maladek
 lebaT adap nakijasid naka iskuderid haletes 7.4 .  
.4 lebaT 7  ataD  isalumiS iskudeR haleteS naniksimeK takgniT  
oN  ( isalfnI X1) ( RMU X2) ( naruggnagneP X3) ( naniksimeK Y) 
6 - 932.2  580.21  165.91  275.6  
7 - 193.0  241.3  593.42  303.61  
01  820.0  498.9  692.33  092.7  
31  919.9  - 315.1  221.61  379.81  
⋮ ⋮ ⋮ ⋮ ⋮ 
94  - 768.3  501.0  119.62  329.7  
 
 lebaT iraD 8.4   nakanuggnem ilabmek iserger iju nakukalid naka  erawtfos
M  aynpakgneles ,batini  nakanuggnem tuptuo lisah erawtfos  M batini    adap nakijasid
8.4 lebaT  .  
8.4 lebaT   ataD isergeR ledoM  isalumiS iskudeR haleteS naniksimeK takgniT  
sisylanA noissergeR  : naniksimeK   susrev naruggnagneP ,RMU ,isalfnI  
: iserger  naamasreP            
naruggnagneP 893.0 + RMU 123.0 + isalfnI 882.0 + 4.21 = naniksimeK  
  
mreT  feoC  feoC ES  T- eulaV  P- eulaV  
 
  
tnatsnoC  054.21         615.1      12.8  000.0  
 
  
isalfnI       30882.0         63760.0      82.4  000.0  
 
  
RMU       53123.0         16350.0    99.5  000.0  
 
  
naruggnagneP  5893.0  7911.0  33.3  400.0  
 
  
  
     
  
S R- qs  R- )jda(qs    
541.3  %4.08  %2.77        
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 nakrasadreB 8.4 lebaT  m es naniksimek atad kutnu iserger ledo halet   iskuder
: tukireb iagabes halada  
 
882.0 +4.21 = naniksimeK  123.0 +  isalfnI  +RMU  naruggnagneP 893.0    3.4( ) 
 
3.4 naamasreP  id tapad : awhab nakisaterpretni  
.a   ialiN β0= 054.21  . N  huragnep nakkujnunem fitisop ialinreb natsnok iali  ,isalfni
 RMU  nad naruggnagnep  .  utas malad huragnepreb uata kian sabeb lebairav aliB
naniksimek takgnit akam ,nautas   .kian naka  
.b   ialiN β1= 882.0 .  aynitrA nakianek paites awhab  isalfni   naka akam nautas utas
nem tapad nakkia   rasebes naniksimek takgnit 2.0 88   ismusa nagned nautas  RMU
 nad naruggnagnep   ialinreb neisifeoK .natsnok paggnaid fitisop   aratna isalfni   nad
naniksimek takgnit  , kian nikames   isalfni  nikames akam takgninem  .naniksimek  
.c  ialiN  β2= 123.0  .  aynitrA  nakianek paites awhab RMU   naka akam nautas utas
naniksimek takgnit nakianem tapad  rasebes  3.0 21  nautas  ismusa nagned isalfni  
 nad naruggnagnep   aratna fitisop ialinreb neisifeoK .natsnok paggnaid RMU   nad
naniksimek takgnit  ,  nikames  kian RMU   akam  takgninem nikames naniksimek . 
.d  ialiN  β3= 0 893.  aynitrA .  nakianek paites awhab naruggnagnep   akam nautas utas
naniksimek takgnit nakianem tapad naka  rasebes  .0 893   ismusa nagned nautas
isalfni   nad RMU   aratna fitisop ialinreb neisifeoK .natsnok paggnaid
naruggnagnep  naniksimek takgnit nad ,  aynitra  kian nikames naruggnagnep   akam
.naniksimek naktakgninem nikames  
nakrasadreB  2.4 lebaT  ( nanimreted neisifeok ialin helorepid sataid  R detsujdA
erauqS  rasebes ) 4.08 trareb ini laH .% huragnep amasreb araces awhab i   RMU ,isalfni
naruggnagnep nad  adahret  p  naniksimek takgnit  rasebes halada 4.08  ini akgna ,%
 nakkujnunem gnay huragnep   tagnas  gnay lebairav helo ihuragnepid aynasis nad ,tauk
.itiletid kadit    
 akij ayntujnaleS  tahilid irad   ialin P � eulav   kutnu isalfni   nad RMU   rasebes
 nad 000.0  awhab aynitra uti ,50.0 irad licek  hibel isalfni   nad RMU   huragnepreb
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 padahret nakifingis araces naniksimek takgnit  ialin nakgnadeS .
 
P � eulav  
naruggnagnep   nad 400.0 rasebes  hibel licek   awhab itrareb gnay ,50.0 irad
naruggnagnep  aguj   padahret nakifingis araces huragnepreb .naniksimek takgnit  
 aggniheS .aynnial gnay naabocrep 94 atad adap iserger naijugnep nakukaL
 naktapadid tpecretni   nad epols   .naabocrep 05 atad adap I tpecretn   nad epols   adap
npakgneles tubesret iserger ledom naka ay  9.4 lebaT adap nakijasid . 
lebaT  9.4  tpecretnI   nad epolS  (𝜷𝟏, 𝜷𝟐, 𝜷𝟑  ataD haduseS naabocreP 05 adap )
iskudeR  
oN  
naabocreP  
tpecretnI  𝒆𝒑𝒐𝒍𝑺 �𝜷𝟏� 𝒆𝒑𝒐𝒍𝑺 �𝜷𝟐� 𝒆𝒑𝒐𝒍𝑺 �𝜷𝟑� 
1 054.21  882.0  123.0  893.0  
2 005.41  442.0  113.0  261.0  
3 884.21  292.0  703.0  623.0  
4 576.41  222.0  782.0  062.0  
⋮ ⋮ ⋮ ⋮ ⋮ 
05  449.21  102.0  292.0  670.0  
  
 nakrasadreB 9.4 lebaT  gnisam irad lavretni naktapadid naka akam sataid -
 gnisam tpecretni   nad epols  es iserger ledom adap hadus   lavretni nupadA .iskuder atad
 adap tapadid gnay tpecretni   [ utiay 054.21  – 856.71  nakgnadeS .] epols   adap adareb
 : lavretni 𝛽1 1.0 [ = 27  – .0 173   ,] 𝛽2  002.0 [ = – 43.0 7  nad ] 𝛽3  [ = - .0 15 1 – .0 396  .]  
  lavretni naktapadid haleteS tpecretni   nad epols   atad haduses nad mulebes
.01.4 lebaT malad nakijasid naka akam ,isanimile  
01.4 lebaT    lavretnI tpecretnI   nad epolS  isanimilE ataD haduseS nad mulebeS  
 tpecretnI  𝒆𝒑𝒐𝒍𝑺 �𝜷𝟏� 𝒆𝒑𝒐𝒍𝑺 �𝜷𝟐� 𝒆𝒑𝒐𝒍𝑺 �𝜷𝟑� 
 gnay ledoM
tapadid  
451.51  952.0  382.0  761.0  
mulebeS   377.21 – 352.12  821.0  – 3.0 83  .0 522  – 3.0 88  - 07.0 5 – .0 527  
haduseS   054.21 – 856.71   271.0 – 173.0   002.0 – 743.0  -  115.0 – 396.0  
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 awhab tahilid tapad sataid 01.4 lebaT nakrasadreB tpecretni   atad haduses
 hibel gnay lavretni ikilimem isanimile itakednem nad tipmes   gnay ledom adap
id nakanug  isanimile mulebes atad nagned nakgnidnabid  nupadA . epols  (
 
𝛽1  ,) epols  
(𝛽2  )  nad epols  (𝛽3  ) hibel gnay lavretni ikilimem aguj isanimile haduses atad adap  
nad tipmes  id gnay iserger ledom adap itakednem nakanug   atad nagned nakgnidnabid
 .isanimile mulebes :utiay ,kifarg kutneb malad naklipmatid naka tukireB  
 
 
 kifarG 4.4 rabmaG tpecretnI  isanimilE ataD haduseS nad mulebeS  
 
 
 kifarG 5.4 rabmaG epolS (𝜷𝟏 isanimilE ataD haduseS nad mulebeS )  
000,0
000,5
000,01
000,51
000,02
000,52
1 4 7 01 31 61 91 22 52 82 13 43 73 04 34 64 94
eltiT six
A
haduseS
mulebeS
0
50,0
1,0
51,0
2,0
52,0
3,0
53,0
4,0
1 4 7 01 31 61 91 22 52 82 13 43 73 04 34 64 94
haduseS
mulebeS
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 kifarG 6.4 rabmaG epolS (
 
𝜷𝟐 isanimilE ataD haduseS nad mulebeS )  
 
 
 kifarG 7.4 rabmaG epolS (𝜷𝟑 isanimilE ataD haduseS nad mulebeS )  
 
 
 
0
50,0
1,0
51,0
2,0
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3,0
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4,0
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002,0
004,0
006,0
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haduseS
mulebeS
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2.4   ijU tseT T selpmaS deriaP  
 iju nakukalid naka ini pahaT stet t selpmas deriap   adap tpecretni   nad  epols
buS adap naksalejid naka ayntujnaleS .isanimile atad haduses nad mulebes - 1.2.4 baB -
.4.2.4  
1.2.4   ijU tseT T selpmaS deriaP    adap tpecretnI  
 tpecretnI  atad haduses nad mulebes naabocrep 05 atad adap helorepid gnay
 .11.4 lebaT malad nakijasid naka isanimile  
11.4 lebaT   tpecretnI  isanimilE ataD haduseS nad mulebeS  
oN  
naabocreP  
mulebeS  haduseS  
1 195.31  054.21  
2 144.41  005.41  
3 377.21  884.21  
4 507.41  576.41  
 
⋮ ⋮ ⋮ 
05  444.61  449.21  
 
atar aud sisetopih naijugnep halada ayntujnales pahaT - ( atar naem  nupadA .)
l hakgna -  :tukireb iagabes halada aynnaijugnep hakgnal  
)1  sisetopiH nakutneneM  
0H   :  padahret isanimile atad huragnep ada kadiT tpecretni  
1H   :   padahret isanimile atad huragnep adA tpecretni  
)2  S takgniT nakutneneM isnakifingi  
 isnakifingis takgnit nagned isis aud iju nakanuggnem naijugneP ?  .%5 =  
 nakanugid gnires gnay radnats naruku halada 50.0 uata %5 isnakifingis takgniT
.naitilenep malad  
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)3   nakutneneM gnutiht  
 ialin iracnem halada ayntujnales hakgnaL gnutiht   naka anam gnay  
id  nagned nakgnidnab lebatt  naktapadid akam ,SSPS erawtfos nakanuggnem nagneD .
 irad lisah gnutiht  ireb iagabes 21.4 lebaT adap nakijasid naka gnay :tuk  
21.4 lebaT    ijU tseT T selpmaS deriaP   adap  tpecretnI  
 
secnereffiD  deriaP  
t fd  
2( .giS -
)deliat  naeM  
 .dtS
noitaiveD  
1 riaP   isanimilE mulebeS – 
 isanimilE haduseS  
0E005660.1  177455.2  259.2  94  500.  
 
  21.4 lebaT iraD  sataid  ialin naktapadid akam  259.2?gnutiht   takgnit nagned
0.0 = nakifingis 0  .5  
)4   nakutneneM lebatt  
 isubirtsid lebaT t  adap irac id ?  tajared nagned )isis 2 iju( %5.2 = 2 : %5 =
 nasabebek fd   = n – 1  uata fd   05 = – 94 = 1  2 naijugnep nagneD .  = isnakifingis( isis
lisah )520.0   kutnu helorepid  lebatt  900.2 rasebes . 
)5  K naijugneP airetir  
0H  alibapa kalotid   2/?tt gnutih ?   uata 2/?tt gnutih ???  
:satilibaborp nakrasadreB  
H0  akij kalotid 50.0?eulavP  
)6   nakgnidnabmeM gnutiht   nagned lebatt  P nad satilibabor  
 aneraK )900.2()259.2( lebatgnutih tt ?    nad )50.0500.0( ?eulavP   akam 0H
.kalotid  
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)7  nalupmiseK  
 ialin anerak helO )900.2259.2( ?? lebatgnutih tt    nad )50.0500.0( ?eulavP   akam
0H  a awhab aynitra ,kalotid  padahret isanimile atad huragnep ad tpecretni . 
 
2.2.4   ijU tseT T selpmaS deriaP   adap epolS  
 
�𝛃𝟏� 
 epolS (𝛽1)  atad haduses nad mulebes naabocrep 05 atad adap helorepid gnay
isanimile  31.4 lebaT malad nakijasid naka  .  
31.4 lebaT   epolS (𝜷𝟏)  isanimilE ataD haduseS nad mulebeS  
oN  
naabocreP  
mulebeS  haduseS  
1 012.0  882.0  
2 232.0  442.0  
3 262.0  292.0  
4 242.0  222.0  
⋮ ⋮ ⋮ 
05  123.0  102.0  
 
 naijugnep halada ayntujnales pahaT atar aud sisetopih - ( atar naem  nupadA .)
l hakgna -  :tukireb iagabes halada aynnaijugnep hakgnal  
)1  sisetopiH nakutneneM  
0H   :  padahret isanimile atad huragnep ada kadiT epols �𝛽1� 
1H   :   padahret isanimile atad huragnep adA epols �𝛽1� 
)2   nakutneneM T  takgni S isnakifingi  
 isnakifingis takgnit nagned isis aud iju nakanuggnem naijugneP ?  .%5 =  
 nakanugid gnires gnay radnats naruku halada 50.0 uata %5 isnakifingis takgniT
.naitilenep malad  
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)3   nakutneneM gnutiht  
 ialin iracnem halada ayntujnales hakgnaL gnutiht    naka anam gnay
 nagned nakgnidnabid lebatt  naktapadid akam ,SSPS erawtfos nakanuggnem nagneD .
 irad lisah gnutiht  naka gnay  :tukireb iagabes 41.4 lebaT adap nakijasid  
 lebaT 1.4 4   ijU tseT T selpmaS deriaP   adap  S epol
 
�𝜷𝟏�  
 
secnereffiD  deriaP  
t fd  
2( .giS -
)deliat  naeM  
 .dtS
noitaiveD  
1 riaP   isanimilE mulebeS – 
 isanimilE haduseS  
- 006730.  282780.  - 640.3  94  400.  
 
  ialin naktapadid akam sataid 41.4 lebaT iraD  640.3??gnutiht  d  takgnit nagne
0.0 = nakifingis 0 .4   
)4   nakutneneM lebatt  
 isubirtsid lebaT t  adap irac id ?  tajared nagned )isis 2 iju( %5.2 = 2 : %5 =
 nasabebek fd   = n – 1  uata fd   05 = – 94 = 1  = isnakifingis( isis 2 naijugnep nagneD .
lisah )520.0   kutnu helorepid  lebatt  900.2 rasebes . 
)5  naijugneP airetirK  
0H  alibapa kalotid   2/?tt gnutih ?   uata 2/?tt gnutih ???  
:satilibaborp nakrasadreB  
H0  akij kalotid 50.0?eulavP  
)6   nakgnidnabmeM gnutiht   nagned lebatt  P nad satilibabor  
 aneraK )900.2()640.3( ??? lebatgnutih tt    nad )50.0400.0( ?eulavP   akam 0H
.kalotid  
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)7   :nalupmiseK  
 ialin anerak helO )900.2640.3( ?????? lebatgnutih tt    nad )50.0400.0( ?eulavP
 akam 0H   padahret isanimile atad huragnep ada awhab aynitra ,kalotid epols
 
�𝛽1�. 
 
.2.4 3  ijU tseT T selpmaS deriaP    adap  epolS �𝜷𝟐� 
 epolS (𝛽2)  atad haduses nad mulebes naabocrep 05 atad adap helorepid gnay
id naka isanimile 51.4 lebaT malad nakijas  .  
51.4 lebaT    epolS (𝜷𝟐)  isanimilE ataD haduseS nad mulebeS  
oN  
naabocreP  
mulebeS  haduseS  
1 823.0  123.0  
2 903.0  113.0  
3 643.0  703.0  
4 792.0  782.0  
⋮ ⋮ ⋮ 
05  292.0  662.0  
 
atar aud sisetopih naijugnep halada ayntujnales pahaT - ( atar naem  nupadA .)
l hakgna -  :tukireb iagabes halada aynnaijugnep hakgnal  
)1  sisetopiH nakutneneM  
0H   :  padahret isanimile atad huragnep ada kadiT epols �𝛽2� 
1H   :   padahret isanimile atad huragnep adA epols �𝛽2� 
)2  T nakutneneM  takgni S isnakifingi  
 isnakifingis takgnit nagned isis aud iju nakanuggnem naijugneP ?  .%5 =  
 radnats naruku halada 50.0 uata %5 isnakifingis takgniT  nakanugid gnires gnay
.naitilenep malad  
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)3   nakutneneM gnutiht  
 ialin iracnem halada ayntujnales hakgnaL gnutiht    naka anam gnay
 nagned nakgnidnabid lebatt  naktapadid akam ,SSPS erawtfos nakanuggnem nagneD .
 irad lisah gnutiht  nay 61.4 lebaT adap nakijasid naka g  :tukireb iagabes  
 lebaT 61.4    ijU tseT T selpmaS deriaP   adap  S epol
 
�𝜷𝟐�  
 
secnereffiD  deriaP  
t fd  
2( .giS -
)deliat  naeM  
 .dtS
noitaiveD  
1 riaP   isanimilE mulebeS – 
 isanimilE haduseS  
0. 08222  0. 91085  517.2  94  00. 9 
 
 61.4 lebaT iraD   ialin naktapadid akam sataid  517.2?gnutiht  d  takgnit nagne
900.0 = nakifingis  .  
)4   nakutneneM lebatt  
 isubirtsid lebaT t  adap irac id ?  tajared nagned )isis 2 iju( %5.2 = 2 : %5 =
 nasabebek fd   = n – 1  uata fd   05 = – 94 = 1  = isnakifingis( isis 2 naijugnep nagneD .
lisah )520.0   kutnu helorepid  lebatt  900.2 rasebes . 
)5  naijugneP airetirK  
0H  alibapa kalotid   2/?tt gnutih ?   uata 2/?tt gnutih ???  
:satilibaborp nakrasadreB  
H0  akij kalotid 50.0?eulavP  
)6   nakgnidnabmeM gnutiht   nagned lebatt  P nad satilibabor  
 aneraK )900.2()517.2( lebatgnutih tt ?  nad  )50.0900.0( ?eulavP   akam 0H
.kalotid  
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)7   :nalupmiseK  
 ialin anerak helO )900.2517.2( ?? lebatgnutih tt  nad  )50.0900.0( ?eulavP   akam
0H   padahret isanimile atad huragnep ada awhab aynitra ,kalotid epols
 
�𝛽2�. 
 
.2.4 4  ijU tseT T selpmaS deriaP    adap  epolS �𝜷𝟑� 
 epolS (𝛽3)  atad haduses nad mulebes naabocrep 05 atad adap helorepid gnay
isanimile  71.4 lebaT malad nakijasid naka  .  
 lebaT 71.4    epolS (𝜷𝟑)  isanimilE ataD haduseS nad mulebeS  
oN  
naabocreP  
mulebeS  haduseS  
1 082.0  893.0  
2 491.0  261.0  
3 592.0  623.0  
4 632.0  062.0  
⋮ ⋮ ⋮ 
05  795.0  670.0  
 
atar aud sisetopih naijugnep halada ayntujnales pahaT - ( atar naem  nupadA .)
l hakgna -  :tukireb iagabes halada aynnaijugnep hakgnal  
)1  sisetopiH nakutneneM  
0H   :  padahret isanimile atad huragnep ada kadiT epols �𝛽3� 
1H   :   padahret isanimile atad huragnep adA epols �𝛽3� 
)2   nakutneneM T  takgni S isnakifingi  
 isnakifingis takgnit nagned isis aud iju nakanuggnem naijugneP ?  .%5 =  
 nakanugid gnires gnay radnats naruku halada 50.0 uata %5 isnakifingis takgniT
.naitilenep malad  
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)3   nakutneneM gnutiht  
 ialin iracnem halada ayntujnales hakgnaL gnutiht    naka anam gnay
nakgnidnabid   nagned lebatt  naktapadid akam ,SSPS erawtfos nakanuggnem nagneD .
 irad lisah gnutiht  nay 81.4 lebaT adap nakijasid naka g  :tukireb iagabes  
 lebaT 81.4    ijU tseT T selpmaS deriaP   adap  S epol
 
�𝜷𝟑�  
 
secnereffiD  deriaP  
t fd  
.giS  2( -
)deliat  naeM  
 .dtS
noitaiveD  
1 riaP   isanimilE mulebeS – 
 isanimilE haduseS  
-. 062811  . 293163  - 413.2  94  0. 52  
 
 81.4 lebaT iraD   ialin naktapadid akam sataid  413.2??gnutiht   takgnit nagned
520.0 = nakifingis  .  
)4   nakutneneM lebatt  
 isubirtsid lebaT t  adap irac id ?  tajared nagned )isis 2 iju( %5.2 = 2 : %5 =
 nasabebek fd   = n – 1  uata fd   05 = – 94 = 1  = isnakifingis( isis 2 naijugnep nagneD .
lisah )520.0   kutnu helorepid  lebatt  900.2 rasebes . 
)5  naijugneP airetirK  
0H  alibapa kalotid   2/?tt gnutih ?   uata 2/?tt gnutih ???  
:satilibaborp nakrasadreB  
H0  akij kalotid 50.0?eulavP  
)6   nakgnidnabmeM gnutiht   nagned lebatt  P nad satilibabor  
 aneraK )900.2()413.2( ??? lebatgnutih tt    nad )50.0520.0( ?eulavP   akam 0H
.kalotid  
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)7   :nalupmiseK  
 ialin anerak helO )900.2413.2( ?????? lebatgnutih tt    nad )50.0520.0( ?eulavP  
 akam 0H   padahret isanimile atad huragnep ada awhab aynitra ,kalotid epols
 
�𝛽3�. 
 iju nakrasadreB tset t selpmas deriap   buS adap - 1.2.4 baB -  akam ,4.2.4
 kalot aynaumes awhab lisah naktapadid 0H  .  ada awhab naklupmis atik tapaD
 padahret isanimile atad huragnep tpecretni   nad epols  �𝛽1, 𝛽2, 𝛽3�. 
 
3.4  hguoR ledoM isatnemelpmI -  isergeR  isnivorP id naniksimeK takgniT
hecA  
M hguor ledo -  id naniksimek takgnit atad adap nakisatnemelpmi id naka iserger
 isnivorP hecA  rotkaf nad - pahaT .ihuragnepmem gnay rotkaf - hguor naledomep pahat -
 ,iserger buS adap naksalej id naka aynpakgneles -  baB 3.4 1. - 6.3.4 . 
 
.4 3 1.  )nasutupeK tubirtA nad isidnoK tubirtA( ataD tupnI  
  ataD hecA isnivorP id naniksimek takgnit   aynpakgneles kijasid  na adap   lebaT
1.4 9. 
1.4 lebaT 9  esatnesreP takgniT  ,naniksimeK  isalfnI  , RMU     nad ,
naruggnagneP    id aisenodnI  
oN   isalfnI )%(   RMU )%(   naruggnagneP )%(   naniksimeK )%(  
1 55.01  01  43.9  38.92  
2 30.4  8.82  79.8  67.92  
3 80.7  4.92  53.9  74.82  
4 88.43  7.21  41  96.82  
⋮ ⋮ ⋮ ⋮ ⋮ 
51  59.3  5.11  75.7  34.61  
 
1.4 lebaT nakrasadreB 9  atad nakapurem nakanugid gnay atad awhab tahilret
uhat 6102 nuhaT iapmas 2002 nuhaT irad ialumid gnay nan  uata isidnok tubirtA .
eb lebairav nagned aguj tubesid RMU ,isalfni halada sab  nad , naruggnagnep  ,
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 halada takiret lebairav nagned aguj tubesid uata nasutupek tubirta kutnu nakgnades
 id naniksimek takgnit hecA isnivorP  naka akam ayntukireb pahat ek mulebeS .
 malad aynnakijaynem nad atad sakgnirem nagned fitpirksed sisilana nakukalid
t kutneb  gnay naniksimek takgnit atad fitpirksed halada tukireB .leba d  malad nakijasi
02.4 lebaT kutneb . 
02.4 lebaT   naniksimeK takgniT ataD fitpirkseD  
 
N muminiM  mumixaM  naeM  noitaiveD .dtS  
naniksimeK  51  34.61  38.92  3588.22  69312.5  
isalfnI  51  22.0  88.43  7031.8  51941.8  
RMU  51  66.3  00.23  3742.41  16814.9  
naruggnagneP  51  75.7  00.41  3155.9  01424.1  
)esiwtsil( N dilaV  51  
    
 
02.4 lebaT nakrasadreB  : tukireb iagabes lah aparebeb naksalejid tapad  
.a   id naniksimek takgniT hecA isnivorP   rasebes muminim ialin iaynupmem
34.61   rasebes mumiskam ialin nad 38.92 ataR . -  naniksimek takgnit ialin atar
 rasebes  3588.22  rasebes isaived radnats nad 69312.5 . 
.b   id isalfnI hecA isnivorP   rasebes muminim ialin iaynupmem  22.0  ialin nad
 rasebes mumiskam 88.43 ataR . -  rasebes isalfni atar 7031.8   isaived radnats nad
rasebes  51941.8 . 
.c  RMU   id hecA isnivorP   rasebes muminim ialin iaynupmem  66.3  ialin nad
 rasebes mumiskam 00.23 ataR . -  takgnit atar RMU   rasebes  3742.41  radnats nad
 rasebes isaived 16814.9 . 
.d  naruggnagneP   id hecA isnivorP   rasebes muminim ialin iaynupmem  75.7  nad
 rasebes mumiskam ialin 00.41 ataR . -  atar naruggnagnep   rasebes  3155.9  nad
 rasebes isaived radnats 01424.1 . 
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3.4 2.  M isergeR ledoM iskudeR mulebeS ataD nakanuggne  
naka ayntujnaleS   atad nakanuggnem adnagreb reinil iserger iju lisah nakijasid
iskuder mulebes . M  halada iskuder mulebes naniksimek atad kutnu iserger ledo
: tukireb iagabes  
 
952.0 + 51.51 = naniksimeK  + RMU 382.0 + isalfnI  naruggnagneP 761.0       4.4( ) 
 
4.4 naamasreP  id tapad : awhab nakisaterpretni  
.a   ialiN β0= 51.51  . N  huragnep nakkujnunem fitisop ialinreb natsnok iali  ,isalfni
 RMU  nad naruggnagnep  utas malad huragnepreb uata kian sabeb lebairav aliB .
naniksimek takgnit akam ,nautas   .kian naka  
.b   ialiN β1= 952.0 .  aynitrA nakianek paites awhab   isalfni  naka akam nautas utas
nem tapad nakkia   rasebes naniksimek takgnit 952.0   ismusa nagned nautas   RMU
naruggnagnep nad   ialinreb neisifeoK .natsnok paggnaid fitisop   aratna  isalfni  nad
naniksimek takgnit  , ian nikames isalfni k    nikames akam takgninem  .naniksimek  
.c  ialiN  β2= 382.0  .  aynitrA nakianek paites awhab  RMU   naka akam nautas utas
naniksimek takgnit nakianem tapad  rasebes  382.0   nautas  ismusa nagned  isalfni
 nad  naruggnagnep oK .natsnok paggnaid aratna fitisop ialinreb neisife   RMU  nad
naniksimek takgnit  ,  nikames  kian  RMU  akam  takgninem nikames naniksimek . 
.d  ialiN  β3= 0 761.  aynitrA .  nakianek paites awhab  naruggnagnep  akam nautas utas
naniksimek takgnit nakianem tapad naka  rasebes  .0 761   ismusa nagned nautas
 isalfni  nad  RMU  aratna fitisop ialinreb neisifeoK .natsnok paggnaid
 naruggnagnep naniksimek takgnit nad ,  aynitra  kian nikames  naruggnagnep  akam
.naniksimek naktakgninem nikames   
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3.4 3.   nakutnebmeP metsyS noisiceD  
 pahat nakapurem ini pahaT  kutneb irad atad isamrofsnart  idajnem kiremun
airetirk  lisah aynpakgneleS . airetirk   nasutupek tubirta nad isidnok tubirta kutnu atad
 lebaT adap nakijasid 12.4 .  
 lebaT 12.4    isamrofsnarT naniksimeK takgniT ataD  
 edoK
nednopseR  
isalfnI  
)%(  
RMU  
)%(  
 naruggnagneP
)%(  
 naniksimeK
)%(  
1R  gnadeS  gnadeS  gnadeS  iggniT  
2R  hadneR  iggniT tagnaS  gnadeS  iggniT  
3R  gnadeS  iggniT tagnaS  gnadeS  iggniT  
4R  iggniT tagnaS  gnadeS  iggniT tagnaS  iggniT  
 
⋮ ⋮ ⋮ ⋮ ⋮ 
51R  hadneR  gnadeS  hadneR  hadneR  
 
 lebaT nakrasadreB 12.4     ,sataid hab tahilret  airetirk aw 5 malad igabret atad  
 utiay naigab  tagnas  ,iggnit  ,gnades ,iggnit hadner  hadner tagnas nad  airetirk kutnU .
atad   ( isalfni X1�, ( RMU X2�, ( naruggnagnep X3� ( naniksimeK nad Y  )  nakanuggnem
 natakednep naem  buS adap isaived radnats nad - .2.3.2 baB  
 
.4 3 4.  nasutupeK tubirtA nad isidnoK tubirtA nakrasadreB ataD nanusuyneP  
 nakukalid ini pahat adaP  ayntujnales ,atad nanusuynep  ratna nagnidnabrep
 nakijasid naka aynpakgneleS .nasutupek tubirta nad isidnok tubirta adebreb gnay atad
 lebaT adap 22.4  .tukireb   
 lebaT 22.4    naniksimeK takgniT ataD airetirK nanusuyneP  
 edoK
nednopseR  
 isalfnI  
)%(  
 RMU  
)%(  
naruggnagneP  
)%(   
naniksimeK  
)%(   
4R  iggniT tagnaS  gnadeS   tagnaS iggniT  iggniT  
5R  S gnade  iggniT tagnaS  iggniT  iggniT  
3R  gnadeS  iggniT tagnaS  gnadeS  iggniT  
R6 gnadeS  hadneR  gnadeS  iggniT  
⋮ ⋮ ⋮ ⋮ ⋮ 
41R  hadneR  hadneR  gnadeS  hadneR  
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22.4 lebaT nakrasadreB   airetirk irad nakturuid atad awhab tahilret  tagnas
 ek aggnih iggnit  tagnas tnu naujutreb ini laH .hadner  pahat nakhadumem ku
utiay ayntujnales  .atad iskuder  
 
3.4 5.  ataD iskudeR  
atad iskuder nakukalid ini pahat adaP  .  aynpakgneleS  naka  lisah nakijasid
 lebaT adap atad iskuder 32.4 .  
32.4 lebaT    naniksimeK takgniT ataD iskudeR lisaH  
 edoK
nednopseR  
isalfnI  
 )%(  
 RMU  
)%(  
 naruggnagneP
)%(  
 naniksimeK
)%(  
2R  hadneR   tagnaS iggniT  gnadeS  iggniT  
3R  gnadeS  iggniT tagnaS  gnadeS  iggniT  
4R  iggniT tagnaS  gnadeS  iggniT tagnaS  iggniT  
5R  gnadeS  iggniT tagnaS  iggniT  iggniT  
 
⋮ ⋮ ⋮ ⋮ ⋮ 
51R  hadneR  gnadeS  hadneR  hadneR  
 
32.4 lebaT nakrasadreB   asisreb atad awhab tahilret 31  gnay atad anerak ,
 ikilimem iric -  isidnok tubirta adap iric  tapadret si  motpm gnay   adap nakgnades amas
adebreb helorepid gnay motpmis nasutupek tubirta  iskuderid halet  .  gnay ataD
 kaynabes iskuderid 2  utiay ,  adap  31R ,21R  
 
3.4 6.   nakanuggneM isergeR ledoM iskudeR haleteS ataD  
 lebaT adap helorepid gnay atad nakilabmegnem utiay ini pahat adaP 32.4  
 atad aynpakgneleS .ilabmek iserger iju nakukalid kutnu kiremun kutneb maladek
 lebaT adap nakijasid naka iskuderid haletes 42.4 .  
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.4 lebaT 42   takgniT ataD iskudeR haleteS naniksimeK  
oN   isalfnI )%(   RMU )%(  naruggnagneP  )%(    naniksimeK )%(  
1 55.01  01  43.9  38.92  
2 30.4  8.82  79.8  67.92  
3 80.7  4.92  53.9  74.82  
4 88.43  7.21  41  96.82  
 
⋮ ⋮ ⋮ ⋮ ⋮ 
51  59.3  5.11  75.7  34.61  
 
 lebaT iraD 42.4  nakanuggnem ilabmek iserger iju nakukalid naka   haletes atad
M .iskuder es naniksimek atad kutnu iserger ledo halet  : tukireb iagabes halada iskuder  
742.0 + 9.51 = naniksimeK  + RMU 062.0 +  isalfnI   naruggnagneP 012.0       5.4( ) 
 
5.4 naamasreP  id tapad : awhab nakisaterpretni  
.a   ialiN β0= 9.51  . N  huragnep nakkujnunem fitisop ialinreb natsnok iali  RMU ,isalfni
 nad naruggnagnep  ,nautas utas malad huragnepreb uata kian sabeb lebairav aliB .
naniksimek takgnit akam   .kian naka  
.b   ialiN β1= 742.0 .  aynitrA  awhab nakianek paites   isalfni  naka akam nautas utas
nem tapad nakkia   rasebes naniksimek takgnit .0 742   ismusa nagned nautas   RMU
naruggnagnep nad   ialinreb neisifeoK .natsnok paggnaid fitisop   aratna  isalfni  nad
naniksimek takgnit  , ian nikames isalfni k    nikames akam takgninem  .naniksimek  
.c  ialiN  β2= 062.0  .  aynitrA nakianek paites awhab  RMU   naka akam nautas utas
naniksimek takgnit nakianem tapad  rasebes  2.0 06   nautas  ismusa nagned  isalfni
 nad  naruggnagnep oK .natsnok paggnaid aratna fitisop ialinreb neisife   RMU  nad
naniksimek takgnit  ,  nikames  kian  RMU  akam  takgninem nikames naniksimek . 
.d  ialiN  β3= 0 012.  aynitrA .  nakianek paites awhab  naruggnagnep  akam nautas utas
naniksimek takgnit nakianem tapad naka  rasebes  .0 012   ismusa nagned nautas
 isalfni  nad  RMU  aratna fitisop ialinreb neisifeoK .natsnok paggnaid
 naruggnagnep naniksimek takgnit nad ,  aynitra  kian nikames  naruggnagnep  akam
.naniksimek naktakgninem nikames  
 IV- 72  
 
 ,isatnemelpmi adaP tpecretni   nad epols   isanimile atad mulebes tapadid gnay
 : utiay tpecretni   ,51.51 = epols  
 
𝛽1  = 952.0  , 𝛽2  = 382.0   nad 𝛽3  = 761.0  nakgnadeS .
tpecretni   nad epols   : utiay isanimile atad haduses tapadid gnay tpecretni  9.51 =  , epols  
𝛽1  = .0 742  , 𝛽2  = .0 062   nad 𝛽3  = .0 012  .  atad adap tapadid gnay lavretni nupadA
mile haduses isalumis  ,isani tpecretni   054.21 [ utiay – 856.71   nakgnadeS .] epols  
 : lavretni adap adareb 𝛽1  271.0 [ = –  ,] 173.0 𝛽2  002.0 [ = –  nad ] 743.0 𝛽3  [ = -  115.0
– .] 396.0  I tpecretn   nad epols  lavretni malad adareb laer atad adap  tpecretni   nad epols  
 .isanimile haduses atad adap isalumis atad adap aynlah amaS , tpecretni   nad epols  
lavretni adap adareb nakanugid gnay ledom adap   .isanimile atad haduses  anerak helO
 atad isatnemelpmi nad isalumis sesorp awhab naklupmisid tapad ,uti laer  .nalajes  
